Objective: In nutritional research, a growing interest in the use of computer-assisted cross-check dietary history interview methods exists in order to improve cost-effectiveness. The introduction of such a method in an ongoing longitudinal study was evaluated with special emphasis on the effect on interviewer bias. Design: A study for the interviewer bias within and the agreement between a previously used paper-based face-to-face crosscheck dietary history interview method and a newly developed interviewer-administered computer-assisted version of this interview method. Subjects: The interviewer bias of 436 face-to-face interviews is compared with that of 352 computer-assisted interviews. A subset of 82 subjects underwent a face-to-face interview at the mean age of 27 and 32 y and a computer-assisted interview at their mean age of 36 y. Energy, three macronutrients (protein, fat and carbohydrate), two micronutrients (calcium and iron) and alcohol intakes obtained by these three measurements are compared to analyse the agreement between the two interview methods. Results: ANOVA showed no interviewer bias for all seven analysed nutrients within the data from the computer-assisted interview, while for the face-to-face interview method, several nutrients varied significantly among the interviewers. Five different measures, used to analyse the agreement (differences, Pearson's correlation, ICC, square weighted kappa and BlandAltman plots), showed no relevant differences between the two cross-check dietary history interview methods. Conclusions: It is concluded that the computer-assisted interview caused a reduction of interviewer bias and is of similar quality to the face-to-face interview method. Computerization of a paper-based interview can be implemented in a running cohort if a change in method is unavoidable.
Introduction
In nutritional epidemiology it is still a problem to assess dietary intake in an adequate, efficient and valid manner.
Various dietary assessment methods with their own strengths and limitations are used. In the absence of truly objective measures of diet, the multiple-day weighed record method is currently seen as the best method and therefore as the 'gold standard', but it is a very time-consuming and work-intensive method. Weighed records can be used to assess diet for a limited period only and are therefore not appropriate to assess the 'usual' intake (Nelson & Bingham, 1997) .
In epidemiologic research probably the most comprehensive method for assessing the 'usual' intake is the cross-check dietary history interview method (Burke, 1947) . It has numerous theoretical and practical advantages over prospective methods and over 24 h recalls and questionnaires. It can provide detailed information about meal patterns, food consumption and nutrient intake of an individual. Depending upon the quality of the food composition tables used to calculate nutrient intake, dietary histories can provide data on the usual intakes of a wide variety of nutrients. Subject involvement is kept to a minimum, and no literacy or numeracy skills are needed. With the cross-check, special attention can be paid to foods or nutrients that may be of particular interest or which are notoriously under-reported, such as snacks or alcohol, or over-reported, such as fruit. The main disadvantages of this method are the susceptibility to interviewer bias and, like all recall methods, the subjects' memory and conceptualization (recall bias). Furthermore, it gives the most reliable results for persons with regular eating habits. Subjects are likely to recall diet that relates to the immediate past and which may not necessarily correspond to the period of interest. Dietary history interviews often last more than an hour and also the time needed afterwards for coding the foods written down on the paper sheet can be enormous (Nelson & Bingham, 1997; Feskanich et al, 1988) .
Because there are still major improvements to make in the assessment of dietary intake, there is a growing interest in the use of computer-assisted interview methods in nutritional epidemiological studies, for standardization and improvement of the cost-effectiveness. Computer-assisted interviews are thought to reduce interviewer bias and other sources of error, and to be more rapid and cost-effective for collection and analysis of food intake data (Buzzard & Sievert, 1994) . Some development is going on in the field of dietary assessment, but there is still little experience with the methodological and practical problems of computerization of dietary assessment methods.
The 'Amsterdam Growth and Health Longitudinal Study (AGAHLS)' is a cohort study, originally designed to investigate the natural development of health, fitness and lifestyle of youngsters from a general Dutch population. In this cohort, several parameters are measured repeatedly, including the habitual nutritional intake. During the first 20 y (1977 -1997) of the AGAHLS, several cross-check dietary history face-to-face interviews (FTF) took place. This extensive FTF was time-consuming and work-intensive because of the manual food coding, data input and calculation needed afterwards.
For the dietary assessment in the year 2000, a computerassisted version of the FTF was developed, with the integration of the Dutch food composition table. The validated computerized dietary history instrument DISHES 98 (Dietary Interview Software for Health Examination Studies; Mensink et al, 1998 Mensink et al, , 2001 ) was used to design a computer-assisted cross-check dietary interview method for the AGAHLS. This interviewer-administered computer-assisted interview is thought to have two advantages compared with the FTF. First, because of the standardization of the whole process, it is assumed to be less susceptible to between-interviewer variability. Second, it is thought to have an improved costeffectiveness, mainly by a reduction in the time needed to calculate the total intake of macro-and micronutrients with the diet.
To evaluate the quality of the computer-assisted interview, a comparison was made with the FTF. An important quality measure of the dietary history interview is the influence of the interviewer in the whole process. In epidemiological nutrition studies often more than one interviewer has to be used in order to measure more subjects at the same time, or within a shorter time period. In longitudinal studies, interviewers are also often replaced after some years. Having more than one interviewer can bias the results. Standardization of the dietary assessment method by a computer-assisted method is expected to reduce the between-interviewer variability compared to the FTF method. The quality of dietary history interviews also depends on the capacity of participants to reconstruct the frequency and serving sizes of their food consumption. For this, no difference is to be expected between the computerassisted interview and the FTF interview. The quality should be an expression of the degree to which the method actually measures what the investigator wants to measure. Comparing the new method with a method of indisputable quality can only assess the quality. As the comparison in this study is with a non-perfect measure of dietary intake, the FTF method, in this paper the terms 'agreement' and 'comparability' are used.
It is hypothesized that there is no difference between the two interview methods, except for the interviewer bias. Therefore, the following questions will be answered in this paper:
1. Does a computer-assisted cross-check dietary history interview give a reduction in inter-interviewer variability, compared to a similar face-to-face interview? 2. Is a computer-assisted cross-check dietary history interview comparable with the face-to-face cross-check dietary history interview method, for assessing the habitual nutritional intake?
Methods

Study design and subjects
The present study is part of the Amsterdam Growth and Health Longitudinal Study (AGAHLS). This cohort, with a total inclusion of 698 subjects, described extensively elsewhere, started in 1977 in a group of Dutch males and females from the general healthy population with a mean age of 13 (Kemper, 1985 (Kemper, , 1995 . The latest measurement took place in 2000 at the subjects' mean age of 36. In the adolescent period (mean ages 13 -16 y), four yearly face-to-face dietary history assessments took place. The fifth, sixth and seventh measurements took place at the mean ages of 21, 27 (FTF-27) and 32 (FTF-32) y, respectively. During the eighth measurement, at the subjects' mean age of 36, a new cross-check dietary history computer-assisted method, Dutch DISHES (DD), was used (DD-36). This new method was designed to
Computerization of dietary history I Bakker et al reduce the inter-interviewer variability and is based on the previously used cross-check dietary history face-to-face interview, FTF. It was attempted to make DD as comparable to FTF as possible. To minimize seasonal variation, all dietary assessments took place during the same months of the year for each individual and during all three measurements: January until June. The Medical Ethical Committee of the VU University Medical Center approved the study aim and design and all subjects signed an informed consent. Differences between FTF-27, FTF-32 and DD-36 may be partly due to real changes in diet, intra-individual measurement error, or the change in measurement method. For the analyses of agreement, it was hypothesized that the nutrient intake from the diet was constant between the ages of 27 and 36 y, that the inter-measurement periods are comparable, and that the FTF and DD have a similar reproducibility. The assumption is that if no difference in agreement is found for the within-method comparison and the betweenmethods comparison, the interview methods FTF and DD are comparable. Alternatively, if a difference in agreement is found, this is assumed to be due to the change in method. For both the inter-interviewer variability test and the comparability study, the results for daily intakes of energy, macronutrients, calcium and iron are presented.
Face-to-face cross-check dietary history interview (FTF)
At the mean ages of 27 and 32 y, the habitual food intake was measured by a detailed cross-check dietary history face-toface interview method (FTF), based on the method developed by Beal (1967) and Marr (1971) and adapted to the AGAHLS (Post, 1989) . This method provides information about the habitual dietary intake of the subjects, with the preceding 4 weeks used as a reference period. Another reference period was used where subjects had the opinion that their dietary intake during this 4-week period was abnormal (eg because of illness, holiday, and pregnancy).
During the FTF, a prepared form was used to record the meals, foods and variations clearly and systematically. The form consisted of two parts. The first part was designed to give an indication of the subjects' eating pattern: meal types, number of meals and times of meal consumption for average school or work days, and average weekend days or days off work, separately. This information provided the interviewer with a global idea of the subjects' eating pattern, and facilitated the remainder of the interview in which more detailed information was obtained. The second part of the FTF consisted of a structured checklist (Kemper & van Mechelen, 1995) . This part was designed to check thoroughly all possible food and drink items consumed. Subjects were asked for their consumption during regular meals, but also for the period in between meals. If a consumed product was not listed in the Dutch food composition table (Stichting Nederlandse Voedingsstoffenbestand, 1996) , nutritional information was gathered from the package or from the producer, or a comparable product was chosen from the food table by the interviewer.
The so-called 'cross-check' consisted of an additional check on the reported frequency of used meals and containing items and on the amounts of the consumed foods and drinks. The interviewer checked whether the reported habits mentioned in the first part of the interview matched with the items reported in the second part. Another manner of checking the accuracy of the information provided was by counting the number of meals per day and the meal types per week, and by counting matching items. For example, by checking if the total amount of reported spreads covered all reported slices of bread. The interviewer also checked for double reporting.
Amounts were reported in household measures or grams. Models were used to illustrate common portion sizes, like glasses, bowels and spoons. Plastic examples of fruit and potatoes were used to facilitate the estimation of weights of those food items. To determine the amount of sugar in hot beverages, yoghurt or other products, and the amount of butter on bread, the respondents had to scoop sugar in a cup and had to spread butter on a standard piece of bread. Small scales were used to weigh the amount that was used by the respondent.
Computer-assisted cross-check dietary history interview (Dutch DISHES, DD)
At the mean age of 36, the newly developed intervieweradministered computer-assisted cross-check dietary history interview method, DD, was used. Computer questions and interview structure, ie both parts, were based on the FTF. The same reference period was used, and also the cross-check was integrated. During the second part of the DD interview, the software showed the reported frequency of meals and items mentioned in the first part of the interview. Also new was the integration of maximal possible amounts of consumed foods and drinks. Double reports and amounts of combined products still had to be checked by the interviewer. Portion sizes and food products were integrated and obtained from the electronic Dutch food composition table (Stichting Nederlandse Voedingsstoffenbestand, 1996) . A comparable product was chosen from the list of items described in the food composition table, when a consumed product was not listed. As with the FTF, amounts were reported in household measures or grams and the same models were used to illustrate common portion sizes. Also the same plastic examples of fruit and potatoes were used. To estimate the weights of the amounts of sugar, butter and other spreads used, examples of familiar amounts were used, like sugar cubes and packed bread dressings meant for one piece of bread. These examples are well known and commonly used in for example restaurants, canteens and hospitals. The change of method regarding scooping sugar in a cup and spreading butter on a standard piece of bread, into using the examples, was done in order to reduce interview time.
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From both the FTF data and the DD data, the nutritional intake was calculated by use of the 1996 database from the Dutch Food and Nutrition Table, called the 'Nevo table' (Stichting Nederlandse Voedingsstoffenbestand, 1996) . For the DD, this table was integrated into the computer program. For both interview methods, the aim was to have as many interviews done by the principal interviewer as possible, in order to minimize interviewer bias. Only if it was not possible for this principal interviewer to interview, did another interviewer, intensively trained by the principal interviewer, take over. In this training, special attention was given to the avoidance of suggestive questions, the clarification of possible obscurities, the prevention of missing or double reporting, assistance in the interpretation or estimation of portion sizes, and checks on reported amounts.
One interviewer (GBP) performed all FTF during the first years of the AGAHLS. The FTF at the mean age of 32 was assessed by three different interviewers (GBP, DW, KG). For the DD-36, two interviewers (IB and TV) performed the dietary history interviews.
Data analyses
Interviewer bias. In order to be able to interview more subjects per day, more than one interviewer had to conduct interviews at the same time. It was thought that computerization of the cross-check dietary history interview would minimize interviewer bias, because of the reduction of the influence of the interviewer by the fixed structure of the computer program, and by showing all questions on the computer screen.
The study-population used for the analysis of the interinterviewer variability of FTF-32 included 436 subjects. These subjects were interviewed by one of three interviewers (GBP, DW, KG). The FTF-32 interviewers measured, respectively, 213 (GBP), 161 (DW) and 62 (KG) subjects. The inter-interviewer variability of the DD-36 was assessed within a group of 352 subjects, interviewed by one of two interviewers (IB and TV). Of these 352 subjects, the principle interviewer (IB) measured 308 subjects.
Analyses of variance (ANOVA) were performed to determine the inter-interviewer variability in both the FTF-32 and the DD-36. The results from both interview methods were compared in order to evaluate the difference in interviewer bias between both methods.
Agreement. To evaluate the agreement between the FTF and the DD, a within-method and a between-methods comparison were made. Results from the within-method comparison were compared with the between-methods comparison. For the within-method comparison, data from the FTF-27 and FTF-32 were compared. For the betweenmethods comparison, the FTF-32 data were compared with the data from the DD-36. The study-population used for the analyses of agreement included a subgroup of 82 males and females, who all underwent the measurements at their mean age of 27, 32 and 36 y, and were interviewed by the same interviewer (GBP) at the mean age of 27 and 32 y. At the mean age of 36, these 82 subjects were not only measured by another dietary assessment method, but also by another interviewer (IB or TV). The principle interviewer of DD-36 (IB) measured 76 out of these 82 subjects.
Five different approaches are used to evaluate the agreement, or comparability, between the FTF and the DD. Because a decision about whether or not the agreement of two methods is good enough is a rather subjective one, and because neither test alone provides sufficient information, it is preferred to base this decision on more than one statistical analysis (Rankin & Stokes, 1998) . The following approaches are used: the differences, the Pearson's correlation, the square weighted Cohen's kappa, the intraclass correlation, and the Bland -Altman method with the 95% limits of agreement.
The differences and Pearson's correlations of the continuous data are calculated because they are easily interpretable. Although correlation coefficients are unaffected by the presence of any systematic bias, and do not reflect the agreement between methods but the strength of a relationship, these measures give valuable basic information about the two methods (Bland & Altman, 1986; Delcourt et al, 1994; Hunt, 1986) . To evaluate the agreement in ranking, the square weighted Cohen's kappa was chosen, for which subjects were grouped into quartiles for each of the variable distributions. This measure takes the basic chance of complete agreement into account and gives weights to disagreements, according to the magnitude of the discrepancy (Altman, 1991) . The intraclass correlation coefficients are used to express the within-subject variation, assumed to be equal to the between-method variation, relative to the between-subjects variation. This method uses the continuous data (Shrout & Fleiss, 1979) . The Bland -Altman method is a graphical method, in which for each subject the mean intake from two measurements is plotted against the difference in intake from the two measurements (Bland & Altman, 1986) . In the example plots of daily energy intakes, the 95% limits of agreement (mean AE 1.96 s.d.) are also graphically shown. This method was chosen to visualize whether or not the mean differences, and the 95% limits of agreement (LOA) between the methods, are constant across the range of mean daily intakes. From the plot, it is also easy to see the size and range of differences in measurements, any bias or outliers, and the relationship between the size of the differences with the size of the mean.
For all analyses in this paper, except for the BlandAltman method, it was chosen to show the results for total daily intake of energy and the daily intakes of protein, fat, carbohydrate, alcohol, calcium and iron as examples. Data on alcohol intake were logarithmically transformed to obtain a normal distribution. Except for the square weighted Cohen's kappa and the Bland -Altman method, only subjects who reported using alcohol in one 
Results
Interviewer bias
The groups interviewed by GBP, DW and KG were comparable concerning the possible confounding factors total body weight and physical activity. From the results of the ANOVA, shown in Table 1 , it can be concluded that within the FTF-32 data, significant interviewer bias was found for all nutrients, except for alcohol intake. From Table 2 , it can be concluded that for the seven variables no significant differences are found between the two interviewers who used the computerassisted method DD-36.
Agreement
In Table 3 , the differences of the daily intakes of energy and the six nutrients, and their standard deviations (s.d.) are presented. The differences are calculated as FTF-32 data minus FTF-27 data and DD-36 data minus FTF-32 data. To facilitate the interpretation of the magnitude of the differences, the mean intakes for each measurement are also shown. The s.d. of the differences for the between-methods comparison is larger than for the within-method comparison, except for alcohol and calcium intake. All differences are within 8% of the mean total intake, except the mean Computerization of dietary history I Bakker et al difference of the iron intake from FTF-27 and FTF-32 (20%) and the mean difference of alcohol intake (log transformed) from FTF-32 and DD-36 (23%). The Pearson's correlation coefficients (see Table 4 ) show that, within the FTF method (FTF-27 vs FTF-32), the values vary between 0.5 for iron intake, and 0.8 for energy, total fat and alcohol intake (log transformed). Nearly the same results are found for the correlation between data from DD-36 and the FTF-32 data; r ¼ 0.6 for calcium and iron intake, to 0.8 for total fat and alcohol intake. Overall, the correlation coefficients of the between-methods comparison seem to be comparable to those of the within-method comparison.
The intraclass correlation coefficients, analysed by the two-way mixed effect model with the consistency definition (ICC (3,1) ), are shown in Table 5 . All coefficients are in the range 0.6 -0.9, which indicates a small between-measurements and between-method variability, compared with the between subjects variability. The ICCs of the between-methods comparison are considered to be as good as the withinmethod comparison.
From the square weighted Cohen's kappa, used as a measure of agreement in ranking within quartiles, shown in Table 6 and the adjunctive 4Â4 tables in the Appendix, it can be seen that the results from both the within-method and the between-methods comparison of quartiles, vary between 0.4 and 0.8. These kappas are considered to be moderate to good (Altman, 1991) .
The fifth 'test' of agreement is the Bland -Altman eyeball test, a plot with the 95% LOA, which can be extracted from Table 3 . The within-method plot, showing the mean daily energy intake obtained by FTF-27 and FTF-32, against the differences between these two measurements, is shown in Figure 1 . Computerization of dietary history I Bakker et al dietary intakes of macronutrients, alcohol, calcium and iron (not shown). The descriptive data showed that the energy intake was nicely normally distributed. Therefore, AE 1.96 s.d. was used for the 95% LOA (Bland & Altman, 1986) . This method for judgement of agreement is a subjective one, because it is based on judgement by eye and does not rely on statistical tests. Results have to be interpreted by relevancy. As can be seen from the two figures, both mean differences are well situated around the 0 (no difference; even better for the between-method difference), but the 95% LOA are wider for the between-methods figure (Figure 2 ) than for the within-method figure (Figure 1 ). This was not true for the calcium intake. The overall difference between the between-methods comparisons and the within-method comparisons is small.
Discussion
Growing interest in the use of computer-assisted interview methods in nutritional epidemiological studies for standardization and improvement of the cost-effectiveness has highlighted the need to investigate not only its strengths and limitations, but also the possibilities of its implementation within running longitudinal studies, like the Amsterdam Growth and Health Longitudinal Study (AGAHLS).
In nutritional longitudinal studies there is a low tracking of energy and nutrient intake in dietary assessment, especially from adolescence into young adulthood (Post et al, 2001 ). This is not only due to changes in eating behaviour over time, but also due to the lack of an ideal dietary assessment method. The repeatability of dietary histories is generally good enough to use them for assessing group means of energy and macronutrients (Nelson & Bingham, 1997) .
The aim of this paper was to investigate whether DD gives a reduction of the interviewer bias, compared with FTF. Another aim was to clarify whether DD is comparable with the FTF for assessing the habitual nutritional intake.
From the analysis of variance, significant interviewer bias was found for several nutrients within the FTF-32 data. No significant differences between interviewers were found within DD data. This indicates that the inter-interviewer variability has been reduced with the computer-assisted method DD, compared to the FTF, and the DD is therefore preferred.
From the results of the paired-sample differences (d), their standard deviations (s.d.) and the accompanying P-values, it can be concluded that there are some differences between the two interview comparisons regarding the mean habitual nutritional intake. From these results it is questionable whether the two methods can be used interchangeably, because the paired-sample differences d and the 95% confidence interval (CI) differ between two consecutive measurements, within and between methods. A paired t-test is used to assess whether there is any evidence that two total sets of data differ. Because this paper is about the agreement, rather than the differences, interest is more on the relevancy of the differences found than on the P-values of the paired t-test. The found differences d are considered small compared with the mean total intakes.
From Table 3 , it can also be concluded that the assumed constant nutrient intake between the ages 27 and 36 was not completely true. Between age 27 and 32, a decline in energy, total fat, total carbohydrate and iron intake was found. This was not found for the period between age 32 and 36. Two reasons can be noted for this unexpected discrepancy in time-related nutrient intake. The first possible reason concerns a discrepancy between the two interview methods, ie the DD did not completely measure all that was measured with FTF. Because interview questions and the structure of the DD were adapted from the FTF and therefore believed to be identical, this reason is considered not to be logical. Another more likely reason concerns the assumed stability in lifestyle, and therefore also in nutritional intake, between ages 27 and 36. The unexpected increase in nutrient intake between age 27 and 32 might indicate that nutritional intake is not yet stable in this period, but stability is reached in the period after age 32.
The correlation coefficients (Pearson's and intraclass) found in this study show that, within the FTF method (FTF-27 vs FTF-32) and between the methods (FTF-32 vs DD-36) the data correlated in a very similar way concerning the intakes of macro-and micronutrients and the total energy intake. Testing the equality of the related Pearson's Figure 2 Bland -Altman plot: mean energy intake from DD -36 and FTF-32 against the difference in energy intake (DD -36 7 FTF-27), including 95% limits of agreement ( AE 1.96 s.d.).
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I Bakker et al correlation coefficients with the method described by Wolfe (1976) , a significant difference was found only for iron intake, ie higher correlation coefficient for the betweenmethods comparison. From these analyses of agreement, it can be concluded that overall no relevant differences between both interview methods were found. The square weighted Cohen's kappa showed that there was a varying degree of agreement in ranking for the observed variables. Overall, the kappas were fairly identical when comparing the results from the within-method comparison (0.4 -0.8) with the between-methods comparison (0.4 -0.8). Most kappas for the within-method were higher than for the between-method, but this was not true for the intake of total protein, ie equal values, and the alcohol intake, ie a lower kappa for the within-method comparison. This measure of agreement also showed no differences of concern between FTF and DD.
The final approach, the Bland -Altman 'eyeball' test, also showed no relevant differences between the within-method comparison and the between-methods comparison.
Additional analyses on energy-adjusted data, showed somewhat better results. Smaller differences, ie lower Fvalues, in interviewer bias were found by ANOVA within FTF-32. For total protein and total fat, these adjusted values remained significantly different between the interviewers, compared with the absolute values, but not for total carbohydrates, calcium and iron. Therefore, it can be concluded that the observed differences between the interviewers within FTF-32 are not only due to differences in total energy intake. No major differences were found within DD-36 with energy-adjusted data, except for the adjusted iron intake (F ¼ 1.935; P ¼ 0.165). For the five different approaches to investigating the agreement, higher values were found, except for the correlation coefficients and kappa for the energy-adjusted total fat and alcohol intake. These energy-adjusted values are not extensively reported because of the possible 'falsely' high results that can be found when interviewers or methods measure systematically differently.
The first research question described in this paper, can be answered positively, ie the computer-assisted cross-check dietary history interview gives a reduction in inter-interviewer variability compared with the similar face-to-face interview.
Several limitations about the study design for analysing the difference in interviewer bias between FTF-32 and DD-36 can be noted. Not only was the interview method changed (FTF vs DD), but also the interviewers (interviewers GBP, DW, KG vs interviewers IB, TV) and the time of measurement (age 32 vs age 36). Therefore, with the design used, it is not possible to assign the variance to one of these three factors or to divide the variance among these factors in known parts. The three factors can not only have a different but also an opposite effect, which can even result in a zero nett effect. From Table 2 it can be concluded that no interviewer bias was detected, but it is not certain that this is because of the introduction of DD, although it is strongly indicated. Another explanation for the differences in inter-interviewer variability can be that the DD-interviewers (IB and TV) are more similarly trained than the FTF-interviewers (GBP, DW and KG). Therefore, the smaller variability between the two DD-interviewers than between the three FTF-interviewers might be more dependent on the interviewers than on the method used.
Five different approaches are used to investigate whether the computer-assisted interview is comparable to the face-toface interview, concerning the assessment of the habitual nutritional intake. From these results it can be concluded that the comparability is acceptable to very good for using both methods interchangeably or for replacement of one method by the other in a longitudinal study.
Because of the assumed firm reduction in interviewer bias, it was supposed that comparing DD-data assessed by two different interviewers with those of FTF from only one interviewer would have no, or only a minor, influence on the analyses of agreement. The absence of significant interviewer variability within the DD-data strengthens this a priori assumption, although it is not certain that there is no interviewer bias at all.
It is important to be aware of the fact that failure to detect a difference does not imply total agreement, and that total agreement can never be demonstrated. If the difference in CI of the mean differences for the within-method and the between-methods comparisons is of no relevance, then the methods may be considered to agree sufficiently (Jones et al, 1996) . The Pearson's correlation coefficient is not a very appropriate measure for analysing the agreement between two methods, because the strength of the linear association is measured, and not the agreement.
The paired t-test assesses whether there is any evidence that two sets of data agree on average. However, if one is interested in the agreement, the difference between withinsubject scores is of interest, not the mean overall difference. If the number of individuals is high, it becomes more likely to find a significant difference between the means (Rankin & Stokes, 1998) . Therefore, it was decided not to pay much attention to the P-values from the paired t-test, but to interpret the differences and their standard deviations relative to the means, and in combination with the results of other analyses.
The Pearson's correlations from the AGAHLS are obtained from measurements with a time interval of 4 -5 y. These correlation coefficients can therefore better be interpreted as tracking coefficients.
The intraclass correlation coefficients have several advantages and disadvantages. One of the major disadvantages is the influence of the magnitude of the between-subjects variation (Rankin & Stokes, 1998) . In the case of the study described in this paper, such an influence is certainly the case. The between-subject variation is large, which automatically will result in a relatively small between-meaComputerization of dietary history I Bakker et al surement variation, within or between methods. Another disadvantage of ICC is that it does not give an indication of the actual measurement values or ranges and of any bias in measurements. Thus, the ICC alone cannot be interpreted on its relevance, because it gives no indication of the magnitude of disagreement between measurements or methods. This disadvantage is solved with the means shown, the mean differences and their standard deviations. The biggest advantage of ICC is that it allows for the fixed effect of the inter-method reliability (Rankin & Stokes, 1998) .
A weakness of the normal kappa statistic is that it takes no account of the degree of disagreement. All disagreements are treated equally. Therefore, the square weighted kappa was used to analyse the agreement in ranking. This weighted kappa is usually higher than the un-weighted kappa, because disagreements are more likely to be by only one category than by several categories (Altman, 1991) .
The Bland and Altman method also has several advantages and disadvantages. The major advantages are that the data is easily interpreted by visualization. It is easy to see size and ranges of differences found by the different measurements and interview methods, bias or outliers, and the relationship between the size of the differences with the size of the mean. Furthermore, the 95% LOA can be related to relevancy. However, this method is independent of between-subjects variation and should always be complemented by raw data, which is given in this paper (Rankin & Stokes, 1998) .
The best way to gather longitudinal data is to use the same method for all measurements. The study design and methods used of the Amsterdam Growth and Health Longitudinal Study were identical for all nutritional measurements until the subjects' mean age of 32. The validity and reproducibility of the face-to-face crosscheck dietary history interview method used have been demonstrated elsewhere (Post, 1989) . The fact that two methods agree does not mean that they are valid methods to assess the nutritional intake. Several limitations of the gathered nutritional data of the AGAHLS can be noted.
For the calculation of the nutrient intake out of all data gathered in the AGAHLS, one nutrient database was used. It was decided to use only the newest available Dutch database, the database of 1996 (Stichting Nederlandse Voedingsstoffenbestand, 1996) . Use of the same nutrient database for all measurements has advantages and disadvantages. An advantage of using this newest available database for all measurements is that the analyses used for assessing the nutrient status of the different foods for the database have improved. Consequently, this new database contains more accurate data. A disadvantage is that products may have changed concerning their nutrient and vitamin status in the years between the measurement of the subjects' nutritional intake and the analysis of the products for the purpose of the database (Beemster et al, 2000) . As a result, the same 'miscalculation' is made over all measurements. However, in our opinion, no major changes in nutrient and vitamin status of the foods and drink items have occurred between 1991 (FTF-27 measurement) and 2000 (DD-36 measurement). Therefore, it was assumed that the foods and drinks have not changed considerably.
Another limitation in the assessment of the nutritional data is the response bias. Subjects could have given socially desirable answers. However, one might expect this to be more or less constant over time and not to depend on the method used.
Results from a study comparing the information obtained by a non-interviewer administered computer-assisted interview with clinical records showed that patients may be more apt to tell more about adverse lifestyles to the computer than to a physician during a clinical interview (Holt et al, 1992) . When an interviewer administers the computer-assisted interview, this is unlikely to occur, and would therefore not introduce a difference in measurement compared with the paper-based FTF interview. Important advantages of a dietary assessment admistered by an interviewer are the assistance in remembering the 4 week time frame, the use of portion sizes and the neccesary knowledge of the underlying food table to search for the foods or to choose the best alternatives.
Computer-assisted dietary data collection is a popular tool in telephone surveys for obtaining dietary information by means of 24 h recall measurements (Fox et al, 1992; Jonnalagadda et al, 2000; Haraldsdottir et al, 2001 ). Other studies using computerized or computer-assisted dietary assessment include the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort study, using a 24 h recall. The interview program (EPIC-SOFT) was developed to standardize interviews in order to provide comparable food consumption data between the participating European countries. For this study, it was felt that this was the most appropriate methodological approach to standardize the interview procedure and to minimize the potential sources of error associated with the use of many interviewers, ie interviewer bias, and centres (Slimani et al, 1999) . In another study, the Coronary Artery Risk Factor Development in Young Adult (CARDI) study, a computerized interviewer administered diet history questionnaire is used. In this study, probing error occurred, because the interviewer did not probe in a non-directive manner or the interviewer failed to verify responses that might be considered questionable (Slattery et al, 1994) . Although some development is going on in the field of dietary assessment, there is still little experience with the methodological and practical problems of standardizing dietary assessment methods by computerization.
For assessing the agreement between the computerassisted interview method DD, and the FTF method, it is not possible to separate the discrepancies observed into a Computerization of dietary history I Bakker et al part due to change in method, and a part due to change in diet. The best comparison of two methods would be measuring the same person by the two methods, with a short interval. This design would, however, result in false high correlation because of short-term recollection. An important advantage of changing a face-to-face interview into a computer-assisted interview is the reduction in interviewer bias when more interviewers are involved in the measurement. Another major advantage is the cost-effectiveness, especially because of the reduction in calculation time afterwards. A change in assessment method is in general unwanted within longitudinal studies. This may decrease the possibility of using all longitudinal data as repeated measurements. However, our results strongly indicate that there was no loss of comparability by change of the dietary assessment method.
Overall, it can be concluded that DD most likely caused a reduction of interviewer bias and its quality is as good as the FTF method. Therefore, introducing an interviewer administered computer-assisted version of a paper-based face-to-face interview as a surrogate in running cohorts can be a possible solution to improve the cost-effectiveness, but should only be considered if a change in method is unavoidable.
